Introduction
Despite the great advances in the last decades, mortality in infective endocarditis (IE) remains exceedingly high. 1 -3 Different investigations have pointed out risk factors associated with poor prognosis and higher mortality. 1,2,4 -16 One of the factors more tightly related to mortality in IE is the development of septic shock (SS). 8 -14,17 Regrettably, risk factors for the development of SS among patients with IE have not previously been defined. In addition, it is well known that the epidemiological profile of IE has changed over the last few years, with newer predisposing factors, increased use of invasive procedures at risk for bacteraemia, increased patients' age, and a slightly different microbiological profile. All of them might influence in some way on the development of SS. The aim of our study was to analyse the actual epidemiology, microbiologic profile, echocardiographic characteristics, and clinical outcome of the episodes of IE complicated with SS. Quick identification of patients at highest risk of SS might offer the opportunity to change the course of the disease and improve patients' prognosis. Therefore, we also wanted to identify prognostic factors associated with SS development during hospitalization, so we analysed separately the group of patients that did not have SS at admission. † There is no relationship with industry.
Methods

Patient population
This study was conducted at three tertiary care centres with surgical facilities, which have been working together on IE with the use of standardized protocols, uniform data collection, and identical diagnostic and therapeutic criteria from the beginning of the study. From 1996 to 2010, 894 consecutive episodes of IE were prospectively recruited on an on-going multipurpose database. This registry has been approved by the local ethical committee. For purposes of analysis and comparison, we distinguished three groups: Group I (n ¼ 156), episodes who had SS at anytime during the clinical course of the disease, Group II (n ¼ 738) gathered all the episodes who did not, and Group III (n ¼ 104) included patients who develop SS during hospitalization, i.e. in this latter group, 52 episodes with SS that was already present at admission were excluded. This third group was made in order to identify predictors of new-onset SS, avoiding possible confounding factors that could be present if only patients with SS at anytime had been analysed.
To ensure consecutive enrolment, all patients who underwent echocardiography to rule out IE were clinically followed until a diagnosis was established. Patients with a final diagnosis of IE were included in the study. Only definite and possible cases of IE were included. Duke criteria were applied until 2002, and modified Duke criteria thereafter. 18 All patients underwent a detailed clinical history, standard physical examination, electrocardiography, blood analysis, urinalysis, a set of three blood cultures at admission, and three additional blood cultures 48 -72 h later, and transthoracic (TTE) and transoesophageal echocardiography (TOE). If blood cultures were negative after 72 h, specific serological tests were done for Chlamydia, Brucella, Q fever, Legionella, and Mycoplasma. Empiric antibiotic therapy was started after blood cultures were taken, and specific antibiotic treatment was initiated once the results of blood cultures were available.
Definition of terms
Nosocomial and community-acquired IE were defined according to the literature. 16 Early prosthetic valve IE was defined as occurring within the first year after surgery, and late prosthetic valve IE beyond 1 year 19 Acute onset IE was applied when the time between the appearance of symptoms and hospital admission was ,15 days. 20 Chronic anaemia was defined as a haemoglobin concentration ,9 g/ dL; renal insufficiency was established when the serum creatinine concentration was .2 mg/dL. Supraventricular tachycardia was registered as universally defined. Those patients with sinus tachycardia or other type of arrhythmias were not included under this category.
Persistent signs of infection were defined as persistent bacteraemia or fever after 7 days of appropriate antibiotic treatment, once other possible foci of infection had been ruled out. 16 Septic shock was defined as the presence of an acute circulatory failure in sepsis, characterized by persistent arterial hypotension (systolic pressure ,90 mmHg) despite adequate volume resuscitation. 21 The diagnosis of systemic embolism was based on clinical signs and/ or data derived from imaging procedures. Heart failure was diagnosed on the basis of guidelines criteria. 22 Vegetations were measured in various planes and the greatest diameter was recorded for subsequent analysis. In the case of multiple vegetations, the largest was measured. Perivalvular complications have been defined in detail elsewhere. 23, 24 Severely depressed left ventricular function was defined as an ejection fraction ,30%.
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Empiric antibiotic regimens were chosen for culture-negative cases according to established guidelines 16, 26 or the reference literature on this matter (before 2005). Surgery was defined as early if done before the antibiotic regimen was completed, and was performed when any of the following occurred: heart failure refractory to medical treatment, recurrent embolism with persistent vegetations in the echocardiogram, persistent signs of infection, and fungal endocarditis. The initial presence of perivalvular complications in patients with a favourable clinical course was not an indication for early surgery, although the enlargement of pseudoaneurysms and abscesses or the progression to a fistula were considered indications. When a patient meeting surgical criteria did not undergo surgery, the reason was either because of patient rejection, unacceptably high-surgical risk or when the patient was too frail.
Statistical analysis
Continuous variables are reported as a mean value and standard deviation. In dichotomic variables, the groups were compared by a two- Figure 1 , factors that were found to bear prognostic importance in the multivariate analysis were combined to stratify the predicted risk of developing SS. This risk was obtained by the calculation of the probability of each patient from adjusted model coefficients. The weighted averages of the probabilities, and their confidence intervals (CI) (calculated by bootstrapping), adjusted by the model for the number of factors present were represented in the figure.
The adjusted odds ratios (ORs) with 95% CIs for each variable have been calculated. All tests were two-sided and differences were considered statistically significant at P-values ,0.05. Statistical analysis was performed with PASW Statistics V 17.0 (SPSS, Inc., Chicago, IL, USA).
Results
Univariable analysis in patients who had septic shock at anytime during the clinical course of the infection Epidemiological and clinical characteristics The mean age of our patient population (n ¼ 894) was 61 + 16 years, 580 (64.8%) were men, 26.28% of the episodes were nosocomial, and 324 patients (36.2% of the episodes) were referred from another hospital; 156 patients (17.4%) had SS at any time, and 104 patients (11.6%) had new-onset SS during hospitalization. The median time at which new-onset SS occurred was 2 weeks.
Demographic characteristics, previous cardiopathy, comorbidities, possible portal of entry, and clinical presentation comparisons between patients who had SS and those who did not are summarized in Table 1 .
Age and gender distribution were similar in both groups. A trend towards greater incidence of nosocomial infection was detected in Group I. Concerning comorbidity, diabetes mellitus, chronic renal failure, cancer, and chronic obstructive pulmonary disease were more common in Group I. Intravenous drug users were also more frequent in this group. With respect to possible portals of entry, previous use of intravascular catheters was detected more commonly among episodes from Group I, whereas dental procedures were more frequent in Group II.
As regard to symptomatology, an acute onset of symptoms was more common in Group I. At admission, dyspnoea, presence of pulmonary infiltrates, acute abdominal syndrome, acute renal failure, confusional syndrome, and coma appeared more frequently in patients with present SS ( Table 1) .
The presence of supraventricular tachycardia at admission was more common in episodes from Group I. Among radiological findings, it is worth to mention that pulmonary congestion signs and septic emboli were more frequently present in Group I ( Table 1) .
Microbiological profile
Staphylococcus aureus and Gram-negative bacilli were more frequently isolated in Group I, whereas Streptococcus viridans and coagulase-negative staphylococci were more commonly found in Group II ( Table 2) .
Echocardiographic findings
Echocardiographic data are shown in Table 3 . Vegetations, as well as periannular abscesses, were more frequently detected in Group I. Vegetations were also larger in this group. Severely depressed left ventricular function was more common among episodes from Group I. No differences were found in the infection location or the type of valve affected (native vs. prosthetic).
In-hospital evolution During hospitalization, development of heart failure, acute renal failure, and liver and limb emboli were more common in patients with SS. In addition, these patients underwent surgery less frequently. Overall, 114 of 156 (73.1%) patients with SS died. Death was much less common in Group II ( Table 4) . Among patients with SS, those who underwent surgery (n ¼ 70) had lower mortality than those who received medical treatment alone (n ¼ 86): (64.3 vs. 80.2%; P ¼ 0.026); 84.8% of patients with SS were operated on during the SS, whereas 15.2% underwent surgery after good haemodynamic recovery. The median time at which surgery was performed was 13 days (5-24 days).
Multivariable analysis in patients who had septic shock at anytime during the clinical course of the infection
We performed a multivariable analysis in order to determine the variables that were independently associated with the presence of SS at anytime during the clinical course of the disease. We included in the model the variables that were considered clinically relevant and those that were significant in the univariable analysis (age, diabetes, chronic renal failure, cancer, acute onset of symptoms, nosocomial acquisition, supraventricular tachycardia, S. aureus, vegetation detection, vegetation size, periannular complications, heart failure, acute renal failure, stroke, hepato-splenic embolism, signs of persistent infection). Independent prognostic factors of SS are shown in Table 5 .
A multivariable analysis of in-hospital mortality was also performed (Table 6) , including SS and variables that we had found to influence it in the univariable analysis.
Univariable analysis in patients with new-onset septic shock during hospitalization
To approach to this second part of the study, and as stated in methods, episodes with SS at admission were excluded, and those who develop SS during hospitalization (Group III), were compared with the episodes from Group II. Data comparing these groups are available in Supplementary material online, Tables S1 -S4.
Multivariable analysis in patients with new-onset septic shock during hospitalization
To determine the variables that were independently associated with the development of SS during hospitalization a multivariable logistic regression analysis was performed. As in the case of SS at anytime, we included in the model the variables that were considered clinically relevant and were significant in the univariable analysis. Significance of the Hosmer-Lemeshow goodness-of-fit test of the model was P ¼ 0.903. No multicollinearity was detected. According to an incidence of new-onset SS of 11.6% in our patient population, the model has a sensitivity of 82% and a specificity of 71%. 
Continued
Independent prognostic factors of new-onset SS are shown in Table 7 .
Finally, the factors that were found to bear prognostic importance in the multivariable analysis were combined to stratify the predicted risk. The weighted average of the probabilities and the bootstrapped CIs are presented.
First, the number of factors present at admission was analysed (diabetes mellitus, S. aureus, acute renal insufficiency, supraventricular tachycardia, and vegetation size ≥15 mm). If one of these factors was present, the model predicted risk of developing SS was 3.8% (95% CI: 2-7%). When two of the factors were present, the risk increased to 6.3% (95% CI: 3.2 -12.1%).
Risk was 14.6% (95% CI: 6.8 -27.6%) in patients with three factors, 29.1% (95% CI: 11.7-56.1%) with four factors, and it increased to 45.4% (95% CI: 17.5-76.6%) when five factors were present.
When adding signs of persistent infection to the presence of the factors mentioned before, the predicted risk dramatically doubled independently of the number of variables present, reaching 85.7% (95% CI: 61.2-95.9%) when the five were present (Figure 1 ).
Discussion
Despite major advances in the diagnosis, antibiotic therapy, and surgical treatment of IE, this disease continues to be associated with a high mortality rate. 16, 26 Septic shock is one of the factors associated with worse prognosis. However, none study has investigated in-depth the factors that may be related with the development of this severe complication. In the herein study, we have analysed the epidemiology, clinical characteristics, microbiological profile, echocardiographic findings, and in-hospital evolution of a large series of patients with SS. These data were compared with those of patients who did not present SS. To the best of our knowledge, this study is the first trying to identify predictors of new-onset SS during hospitalization. Our work is also unique for the following reasons: it is a prospective, multicentre study, all patients underwent TOE, and uniform data collection, includes a very high number of patients, and diagnostic and therapeutic criteria have been used since the beginning of the study. The results obtained with both analysis (SS at anytime, and newonset SS during hospitalization), are similar, and therefore most points may be discussed interchangeably.
Regarding to comorbidity conditions, diabetes mellitus and cancer were more commonly present in patients with SS. Previous studies on septic patients have documented that the pre-existing diagnosis of diabetes, 27 and cancer, 27 -30 to cardiovascular disease, infection is one of the leading causes of death in hospitalized patients with diabetes. The reasons for this include abnormalities in cell-mediated immunity and phagocyte function, diminished vascularization, as well as an increased rate of colonization of S. aureus. 32, 33 Increased susceptibility to nosocomial bacterial infections in patients who are experiencing a critical illness like cancer is also well known. 35 As expected, S. aureus infections were independently associated with SS. This virulent microorganism has been associated with poor prognosis and a high likelihood of SS of any origin 36 . Besides, many investigations have demonstrated the association of S. aureus infection with an unfavourable clinical course, higher rates of persistent infection, and higher mortality in IE. 1,4 -6,11 -13,37 -39 In this series, patients with SS had more frequently an acute clinical onset and a more aggressive clinical course of the disease (confusional syndrome, acute abdominal syndrome, heart failure), most probably related to virulent causative microorganisms such as S. aureus, and Gram-negative bacilli. Acute renal failure is known to be a systemic manifestation of IE severity. 20 . In our series, acute renal failure at admission was associated with SS. In other studies, acute renal insufficiency was also related to the development of SS of any origin. 40 Mechanisms involved in the development of renal failure in severe sepsis include hypovolaemia, hypotension, and renal vasoconstriction. Other pathogenic causes of renal failure in IE are heart failure, drugs (in particular, aminoglycosides), renal embolisms, and immunocomplex formation 41 . Several studies have pointed out the close relationship between renal deterioration and dismal prognosis in IE as well as in SS due to any kind of infection. 2,11,12,20,28,39,42 -44 The presence of supraventricular tachycardia was more frequent in patients with SS. In severe sepsis, tachycardia increases the cardiac output and the blood flow to tissues as a host defence mechanism against infection. In IE, tachycardia may also occur as a result of severe valvular failure, sepsis-induced myocardial depression, myocarditis, or severe anaemia. Nonetheless, the onset of new supraventricular arrhythmias in patients with infection appears to be a manifestation of multiple system organ failure as it is closely associated with severe sepsis. 45 -47 Prognostic implications of the vegetation size at admission are still a matter of controversy. In this and other studies, 48 the size of vegetation at admission measured by TOE was independently associated to the development of SS. Valvular vegetation is a sign of local infection. How local infection leads to multi-organ dysfunction and hypotension is uncertain. Our hypothesis is that uncontrolled local infection eventuates in bacteraemia. Thereafter, circulating bacteria or their products, stimulate inflammatory reactions within the vasculature and other tissues, leading to organ dysfunction and hypotension. Contrary to this hypothesis, other authors suggest that circulating bacteria do not directly trigger SS 49 . In fact, the risk for developing severe sepsis and SS has not correlated directly with the density of isolated bacteria in the patients' blood 35 . In our series the fraction of patients who had positive culture was not greater among those with SS. Bacterial toxins or other systemic or local inflammatory mediators might trigger SS. In our study, when analysing patients' outcome, subjects with SS underwent surgery much less frequently and had a higher mortality than those without. In addition, patients with SS who underwent surgery had a mortality rate lower than that of those who received medical therapy alone. These facts suggest that prognosis might depend largely on the amenability to treat the local process. Nonetheless, it is not fully established if surgery improves prognosis in these patients, since surgery under this circumstances is associated with high mortality rates.
Three aims are the cornerstone of therapy in patients with IE and SS: rapid administration of iv high-dose adequate antibiotics, generous use of fluid supply and vasopressors to reverse hypotension and tissue hypoperfusion (sepsis-induced renal insufficiency is usually reversible), and prompt removal of the infected tissue (valves, abscesses, infected devices, and other distant infectious metastatic lesions Septic shock in infective endocarditis removal of infection foci is a key element to control SS, it entails a high risk in patients with IE, and so justifies a conservative management 50 . If we consider SS as a manifestation of persistent infection, urgent surgery is advised in this setting 16, 24 as this condition indicates failure of medical management 51 and is associated with high mortality 52, 53 . Nevertheless, one may decide not to operate if severe comorbidity exists or the patient is in an extreme critical condition 16 . Findings of the present work might reinforce a strategy of early surgery in patients who have high risk for developing SS.
A large, randomized study, might clarify whether cardiac surgery would improve the grim prognosis of patients with IE and SS.
Limitations
This study has several limitations. It is part of a multiproposal prospective collection of data with a large number of cases, but it has potentially referral bias because all the participants are tertiary care centres.
Severe sepsis and SS may be confusing terms, and although the definition of SS was clearly stated in methods, a gradation of the severity of SS could have been useful for patients' stratification risk. Circulating biological markers, such as plasma IL-6, IL-10, TNF, pro-calcitonin levels, and other parameters that might correlate with patients' outcome, were not studied. Prognostic scores based on bedside evaluations, such as the APACHE II, and the sequential organ failure assessment, were not systematically performed.
Conclusions
We conclude that in patients with IE, the presence of diabetes, acute renal insufficiency, S. aureus infection, supraventricular tachycardia, vegetation size (≥15 mm), and signs of persistent infection are associated with the development of SS. Mortality in patients with IE and SS is much higher than in those without SS. Those patients with SS who did not undergo surgery had the poorest prognosis.
